The knowledge of all these distributions are very important, especially after the publication of the U.S. Government report in which we can read that in 2010 the overall GPS constellation will fall below the number of satellites required the actual level of GPS position fix accuracy.
INTRODUCTION
The error M of the observer's poaition obtained from satellite navigation system depends on geometry factor DOP (Dilution of Precision) among other things. That's why the knowledge of the numbers of satellites visible by this observer above given masking elevation angle H min and the distributions of DOP, GDOP in particular, is very important.
The problems concerning visibility and geometry of GLONASS and GPS for different numbers of operational satellites (24, 23, 22 and 21) were presented by the author in (Januszewski 1999 (Januszewski , 2000 . As at this time GLONASS spatial segment had decreased to 7 satellites operational only, the calculations were made for nominal (24 satellites) constellation. Since few years GLONASS system is being revamped and undergoing an extensive modernization effort. The calculations and the results of the measurements position accuracy based on the professional stationary receiver for the 13 satellites constellation were showed in (Januszewski, 2006) . At the time of this writing (June 2009) the number of GLONASS satellites is less than nominal 24; spatial segment consists of 20 satellites (without satellites 1, 5, 12 and 16), 18 operational and 2 (4 and 23) in maintenance.
After the publication of the report abort the probable weakness of GPS system, the knowledge of the possibility of the position fix by means GLONASS system only is, even must be, very important for all users of satellite navigation systems all the more so because full operational capability (FOC) of two systems, actually under construction, Galileo and Compass, is predicted for 2013 or later. In the report of the U.S. Government Accountability Office (GAO) issued on May 7, 2009, we can read that there exists the very real possibility that in 2010, as old satellites begin to fail, the overall GPS constellation will fall below the number of satellites required to provide the level of GPS service that the U.S. government commits to (GPS Health in Question, 2009 ).
TEST METHOD
The GLONASS satellites positions were calculated by the author from the almanac for May 21, 2009 (Table 1) obtained from the website: www.glonass-ianc.rsa.ru. For each geographic-time coordinates: the satellite elevation (H), the satellite azimuth (Az), the number of visible satellites (ls) and GDOP coefficient values were calculated. Elevation H was divided into 9 intervals, each 10 O wide, azimuth (Az) was divided into 8 intervals, each 45 O and GDOP value (w) into 8 intervals.
As the number of GLONASS satellites will increase from actual 18 to nominal 24 certainly (Revnivykh 2007 (Revnivykh , 2009 ), the calculations were made for each number of satellites from interval [18, 24] , i.e. for all 7 constellations. It was considered that in satellites constellation satellite number 4 was not taken into account, in 22 satellites constellation there were satellites numbers 4 and 23, in 21 constellation satellites 1, 4, and 23, in 20 satellites 1, 4, 5 and 23, in 19 satellites 1, 4, 5, 12 and 23, and in 18 satellites 1, 4, 5, 12, 16 and 23. All calculations, based on reference ellipsoid WGS-84, were made by using author's simulating program.
As the possibility of fix position and the accuracy of this position depend on the satellite elevation H and receiver's masking elevation angle H min , the calculations were made for restricted area also, e.g. in the area where some satellites above horizon cannot be visible by the observer. These satellites can be named as Satellites Non Operational (SNO). This situation concerns maritime navigation along the high coast and land navigation in urban area. As in urban area the width of the streets (L) and the height of the buildings (B) have the tens of meters or more, the number of SNO can be greater than during the coastal and harbour navigation. The results of the calculations for GPS and Galileo systems in restricted area were presented by the author in (Januszewski, 2003) . For GLONASS system the calculations were made in urban area for the observer situated in the middle of the street (width L = 70 m, building height B = 15 m). As the accuracy of the position depends on the observer's latitude and the satellite azimuths, these calculations were made in 3 different latitude zones ( O the percentage of satellite visible is equal about 53% only for both NS.
As the possibility of position fix depends on masking elevation angle the calculations were made in order to find the maximum value of this angle (H max ) for which the observer's position in mode 3D (l m ≥4) and in mode 2D (l m ≥3) can be obtained. These calculations were made for nominal GLONASS constellation (NS = 24) in all 9 latitude zones ( Table 8) . The H max value increases with latitude for both modes, at latitude 80-90 O is almost twice higher than at equator. Table 8 . Maximum values of masking elevation angle (H max ) for position fix (No FIX = 0) in open area in mode 3D (l m ≥4) and in mode 2D (l m ≥3) for 24 GLONASS satellites, at different observer's latitudes (φ) 
CONCLUSIONS
nowadays the system GLONASS is the second after GPS a satellite navigation system, whose the importance from several already years incessantly grows up, with actual 18 satellites constellation and H min = 5 O 3D user's position can be obtained always at latitudes greater than 50 O only, at latitude of Poland number of fix without position 3D is greater than zero for H min ≥ 10 O , if the number of fully operational satellites increases, GDOP coefficient value decreases, that's why each user waits anxiously on the enlargement of GLONASS satellite constellation, maximum value of masking elevation angle (H max ) for position fix depends on observer's latitude, e.g. at equator H max for 3D must be less than 17 O . It means that the possibility of position fix is for GLONASS system in restricted area less than in open area considerably, as in all 9 zones about half of satellites is visible below 30 O , masking elevation angle H min in user's receiver must be possibly least, e.g. if H min = 5 O 90% satellite visible above horizon can be used for fix position, as the distribution of satellites azimuths depends on observer's latitude the position accuracy in restricted area, in urban canyon in particular, depends on its geographic location. Table 10 . Mean number of GLONASS satellites l ms visible above H min and the obstacles by the observer situated in the middle of the street (width L = 70 m, height B = 15 m) for different angles H min for different angles between the North and street axis (α) at different observer's latitudes φ, l m − weighted mean number of satellites visible above H min
